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METHOD AND CORRESPONDING SYSTEM FOR 
HAND-HELD JIF TAG LOCATOR 

5 FmiJ> AND BACKGROIJND OF THE INVENTION 

The piesent mventicm zelates to hasd-held radio fiequencgr (RF) tag locator; 
and more particularly, to a method and a correspondnig system for a hand-held RF 
tag locator featuring the unique mediod of locatmg die pos^^ 
tags by usmg a directional antenna aaabling a2dnnifli detennmation and measuring 

10 the rx>uiid Inp delay enabling distance determination between die hand-held RF 

tag locator to die RF tags. 

RF identification (KFID) systems are used to track objects, animals and/or 
people in a large range of applications. RFID systrais are radio communication 
systems that communicate between a radio transceiver, called a reader, and a 

15 numbCT of inexpensive devices called Tags. An RFID system generally includes a 

plurality of tags which are attached to objects being monitored and one or more 
readers which are used to communicate with thofee tags. An encoder is optionally 
used to program the tags with unique identification inf ormati on. 

Basic principles and details relating to radio frequency (RF) wkeless 

20 i/Hi^fi^^^ fiygtgmg needed for propedv understanding the present invention are 

provided herein. Complete theoretical descriptions, details, explanations, 
exan5>les, and qiplications of these and related subjects are readily available m 
standard references in die fields of raidio frequency idMitification (RFID) systems, 
and in particulariy in PCT plication No. PCT/IL 03/00358, dated May 4, 2003, 

25 by the same invCTtor of the present invention, the teachings of which are 

incorporated by reference as if fully set forth herein. 

In PCT plication No. PCT/IL 03/00358, dated May 4, 2003, diere is 
disclosed a mediod and a system for communicating between a RF reader and one 
or more temiinal stations referred to hereinafter as tags', comprising the steps of: 

30 (a) tiansmitdng an intOTOgation radio frequency (RF) signal, by the reader; (b) 
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receiving ftom a plurality of tenninal stations, on a single channel, a plurality of 
RF response signals generated responsive to the interrogation signal; (c) 
determining, for Ac plurality of the received response signals, a round trip delay 
ftom the transmission of flie mtenogation signal to ttie receptiOTi of the response 

5 signals; (d) d^ermining, for eadi of the xespcmse signals, a distance between the 

reader and the tenninal station fiom widdi the response sigqal was recdved, 
according to the detemuned round trq> delay of the response signaL 

In U.S. PatesDt No. 6,335,685, issued to Schrott el al, there is disclosed an 
g^jpaiatus and mediod for locating containers and contents of containers using 

10 radio fiequency tags. A base station Systran for communicating with radio 

fiequency tags attadied to one or naoTB objects. The base station has computers 
having CPUs and memories. A s^arate position detector determines the position 
of the tags within a time increment and within a field of the base station. A 
commnnication process, escecuted by the CPUs, reads mformation fiom flie tags 

15 within the tinae incranent and associates the position determined with the 

mformation of the respective tag in the memories. The me&od features a 
movable base station antenna providing a narrow tag interrogation beam is used 
as the position detected. The anteoiia of die reader is designed to have rotational 
motion to allow for scanning in a vertical plane. Scanning acoon^lished as a 

20 foiiction of position wifli the antemiascannmgvCTticanywha^ 

horizontally. In that mode of scanning, each tag is scanned individually as it 
passes the base station antenna so that the combination of horizontal object 
motion with vertical scannmg results m a [x, y] coordinate associated with eadi 
tagreadout ThehorrBoolalnK>tioncanbedetenhmedbylaiowingd^ 

25 the object 

However, ti^e just descaibed method suggesting using a separate position 
detector to detect the position of the tag identified by the reader is notably limited 
because it adds to the cost and conq)lexity of the RFID systraL In addition, the 
position detection is performed after the tags are identified in a separate stage, 

30 whidi adds to the time required for the syst^ operation. 



To date, the inventor is imaware of prior art teaching of a method and 
system for a hand-held RF tag locator featuring measuring the round trip delay 
and acquiring directional information by using a directicmal a nt e n na. 

Thfiore are many situations ^where a user has to locate an object in a short 
time, eiAer for convenience or for emergency. Inpardpulartiiere is aproblCTitb 
locate a cat in a large paddng lot The conmuni technique used today to find an 
object or a car is sending a signal, usually using RF firequency, and a receiver 
attached or inside {hat object activates some attention attracting fimctions, mosdy 
audibly or visually. Whenever flie itm is suflBdenfly fer away, or obstructed, or 
in tough weadiK, sudi gignalmg is not reliable and/or not pracdcaL Moreover, 
d^mding on the application, maT^Tig noise or attracting attention may not be 
desirable. There is thus a need for, and it would be hi^y usefcd to have a 
method and a system for a hand-held RF tag locator featuring measuring the 
round trip delay and acquiring directional information. The preset invention 
accomplishes that need by using a directional antenna and measuring the Round 
Trip Delay (RTD). Furthermore, th^e is a need fot such a method and a system 
for a hand-held RF tag locator that is providing the location information in or by 
that hand held locator so that hearing or sedng the target is not required, allowing 
opecadon in larjg^ distances and more conveniently. 

Moreover, Am is a need for sudi a medKKi which is significantly sirnpUs: 
for operating, more rapid, than currently used techniques for locating RF tags, 
based on transmitting a signal to the tag, and the tag as response makes a 
tone/beep or in case of cars blinks the head lights and play fbi^ horn. 

SUMMARY OF THE INVENTION 

The presCTt invmtion relates to hand-held RF tag locator, and more 
particulariy, to a method and a corresponding system for a hand-held RF tag 
locator featuring the unique mi^od of locating the position of one or more RF 
tag$ by using a direcdond mtesnm enabling azimuth determination and measuring 
the round trip delay enaMnig distance determination between the hand-held RF 
tag locatCHT to the RF tags. 
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Ttus, according to the present invention, there is provided a method and a 
corresponding device for locating a RF tag, featuring the unique mcdiod of 
locating the position of one or more RF tags by using a directional antenna 
CTabling azaraufli detemiination and measuring the round tnp delay enabling 

5 distance detenmnadon between ttie hand-held RF tag locator to ttie RF tags, 

including the steps of (a) programming a locating device with an identification 
nmnbCT of the RF tag, (b) trananitting a directional transmit command signal to 
said RF tag by uang the locatmg device, whraem the locating device including a 
directional antenna, (c) the RF tag is waiting to receive the transmit command 

1 0 signal, (d) receiving &e tcansmit command signal, by the RF tag, and transmitting, 

by the RF tag, at least one response signal in synchronization with the transmit 
command signal, and (e) recrfving the at least one response signal, by the locating 
device, and measuring round trip dday and amplitude of the at least one received 
. response signal 

15 According to stiDftolher features in die described prefOTedembodinofi^^ 

method and a corresponding device for locating a RF tag further includes the 
directional transmit connnand signal is directicoial wide band transmit command 
signal and said response signal is wide band response signal 
According to stiU further features in the described prefmed an^ 

20 iQBlhodandacorre^>ondingdeviceforlocatn2gaRFtagfu^ 

directional wide band transnrit comniaiid dgnal is unicast directioiia^ 

transmit cormnand signaL 

Acceding to still further features in the desaibed preferred embodimeots, the 
mediod and a corresponding device for locating a RF tag furtiiCT includes the step 
25 of displaying the measured round trq) delay and amplitude of the at least one 

received response signal on a display controller. 

According to still furflier features in the described preferred embodiments, the 
method and a corresponding device for locating a RF tag further includes the st^ 
of delivering the measured round trip delay and amplitude of the at least one 
30 received response signal to an operating system, wherein die operating sj^stem is 

operating the locating device. 
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In5)lein€a3tatioii of the method and system for hand-held RF tag locator of 
the preset invention involves performing or completing selected tasks or steps 
manually, semi-automatically, fblly automaticaUy, and/or, a combination thereof 
Moreovei; according to actual instrumeatation and/or equqnnent nsed for 

5 in^>lementing a particular prefeued embodiment of the disclosed method and 

system, several selected stqps of the present invention conld be pecfooned by 
hardware, by software on any op&rating system of any firmware, or a combinatiQn 
thereof! In particular, as hardware, selected stqis of the invention could be 
pcrfonned by a conqnileri2»d netwodc, a computer, a compito 

10 drcuit, hard-wired drcoitry, or a comKnation theaeo^ involving a pluraliQr of 

digital and/OT analog, electrical and/or electronic, con:q[)anents, operations, and 
protocols. Additionally, or alternatively, as software, selected steps of tiie 
iivOTticMi oonld be performed by a data processor, such as a con4)uting platform, 
executing a plurality of conq)uter program types of software instructions or 

15 protocols using any suitable computer operating system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is herem described, by way of example cmly, with 
reference to the acoompanymg ^rawmgs. With spedfic referaice now to the 

20 drawmgs m detail, it is stressed tiiat the particulars shown are by way of exan^le 

and for purposes of illustrative discusdon of tiie prefened embodnnrats of the 
present invention only, and are presented in the cause of providmg what is 
believed to be the most useful and readily understood description of the principles 
and conceptual aspects of the preset invention. In this regard, no atten^t is 

25 made to show stractural details of the present invention in more detail than is 

necessary for a fundamratal understanding of the invention, tiie desCTiption taken 
witii the drawings Tn^^inng apparent to those skilled in the art how tfce sevcacal 
forms ofthe invention may be embodied in practice. In the drawings: 

FIG. 1 is a block diagram illustrating an exenqplary preferred embodnnent 

30 of flie handrheld system for RF tag locating m accordance with the present 

inventicm; 
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no. 2 is a schematic time chart iflusttating an exsnap]ary preferred 
embodiment of a wide band transmit command signal, in accordance wifli an 
exanplaiy enibodimCTt of the present invoition; 

FIG. 3 is a schematic Mock diagram iUusttating an exenq)lary pruned 
embodiment of directional antenna 8, reader 2 and display conttoUer 10, in 
accordance wifli an erai5>lary aribodiment of 4e i«esent invoation; and 

no. 4 (prior ait) is a sdiematic hlodc diagram ilhistrating an e3cen?)laiy 
prefened eoAodimBnt of a tag. in accordance wifli an exffli5>laiy on^^ 



10 

DESOOFnON OF THE PKEFERRED EMBODIMENTS 

The present invention relates to hand-4dd RF tag locator, and more 
particularly, to a method and a corresponding system for a hand-held RF tag 
locatmr featraing flie imique method of locating flie poatioii of one or njore RF 
15 tags by using a directional antenna enabling azimaflidetenimiation and measuri^ 

the loimd ti^ dd^y eoAling distance detMnnhation between the hand-hdd RF 

tag locator to tiie RF tags. 

The system and method of tiie present invwition are based (Ml flie novel 

• cotqwsrative operation of a RF tag, a directional antenna, a reader, a display 
20 contiollar, and a display device. Ihe reader is sending a nnicast mess^ to a RF 

tag by nang tiie directional antenna. The RF tag is transmitting an answer in 
syndironizationwidi the reader. The reader is receiving die transmission fiom the 
RF tag and is measuring the roimd trip delay and the aiiq)Utnde of the received 
radio signal The display controUCT is recdving from flie reader the measured 
25 round trip delay and amplitude of die radio signal, and displaying tiiat information 

on a di^lay device to the user. 

HereinaftCT, the team 'channer refers to an aUocation of resources providing 

a link between a transmitter and a receiver, Exenq>lary diannds are frequency 

band, time slot, space direction and spreading code. 

30 Horanafter, the term Hwide band dgnals' or the equivalent torn 'sjaead 

spectrum signals' refers to any qiiead q>ectrnm signals types such as: direct 
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sequence (DS), frequency-hoppiag (FH), multi-camer CDMA, chiip signals, 
short or long pulses of any sh^e ca- withoiit time hopping. 

Hereinafter, the term 'signal' refers to one signal or to a pluraEty of signals 
transmitted in one logical transmission period 

Hereinafter, flie term 'display device' refers to any ou^wt farm for 
interfering results of a measuiemait sudi as: visoal, audio, saase , 

B is to be understood ihat the present invention is not limited in its 
application to the details of the order or sequence of steps of operation or 
implementation of the mefeod and system set fotfli in Ae following description, 
drawings, or exan5>les. For example. ste?> (b) may be Separated to sub steps in 
order to traiismit less information in eadi Ifansmission- 

Moreover. Ae mefliod and corresponding system of the present invention 
can be implemented in a variety of configurations, for exanq>le. the functionality 
of die display contioUer and display device may be implemented in one intiegraled 
15 display and control device. 

Additionally, for better understanding the overall grawral mefliod of flie 
present invention, flie description provided herein disclosed an in^lementation of 
a handheld device comrniirricatlne with one KF tag. However, it is to be deaiJy 
mderstood that die overan general method of the present invention is ejrtendable 

20 and applicable to a paralld mode of impleooentation fiir handheld device 

communicating with a plurality of Kp tags. 

TTie laesent invesotion is c^pAle of other eaotibodimeiits or of be^ 
or carried out in various ways. Also, it is to be understood diat Hie phraseology, 
teimhjology. and. notation, eanployedheremare ftrfthe purpose of desai^ 

25. should not be T^arded as limiting. 

In the fbllowmg description of the niethod of die preseaot invention, included 

are only main or principal steps needed for sufficiently understanding proper 
'enabling! utilization and iir5)lementation of llie disclosed mediod and system. 
Accordingly, desoiptions of the various required or optional minor, inteimediate, 
30 and/or. sub steps, which are readily known by one of ordmary ddll in the art, 

and/or. which are available in the prior art and tecJmical literature relating to 
hand4ield M wireless identification systans, are not niclnded herein. 
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Referring now to tihe drawing, FIG. 1 is a block diagram illustrating an 
exemplary preferred embodimmt of the hand-held device 6 for RP tag locating in 
accordance with the presCTt invention, gmerally referred to as device 6. Device 6 
features the following primary con^)onents: (a) directional antenna 8, (b) reader 2, 
(c) display controll^ 10, (d) display device 12. Each primary component, and 
a^jftifmgil cQir^QDfiDts, needed for enabling Ihe xise of device 6 are desCTbed in 
the following detailed description of &e mediod of the pres^ invention. 

In Stsp (a) of file mefhod and corresponding system of tiie present invention, 
there is programming readcfr 2 wttli the identification number of a RF tag 4 
to be located. 

Hereanafl^, the tenn "id^itificatian numb^** refers to any feature, number, 
characteristics, and/or identification means that can identify RF tag 4 to be 
located. For exarriple, identification number (ID), serial number, known features 
of the tag, fi^equency, modulation, coding. Identification number can refers to a 
group of RF tags. 

Reader 2 can be programmed with the identification number of RF tag 4 to 
be located by ai^ appropriate input means supplying the identification of &at RF 
tag 4. Few exaiiq;>Ies of that ix^mt means are: npni^c pad» optical xead^, RF 
receiver. Alternatively, reader 2 can be progrannned wi& Hie identificatibn 
number of RF tag 4 to be located by loadmg the identification munb^ from a 
memory by receiving the identificatian number from otfa^ methods of 
associating llie reader and the tag pri(^ to first usage. For e>i:anq>le, the reader is 
progcammed to find a predefined RF tag ID. In another example, i^ule in 
configuration mode, the reader is receiving the ID of all tags in some range and is 
storing them in its memory. If there are several tags the reader is assigning serial 
numbers, such as tag #1, tag #2 and so oiu Later the user will have the option 
either to display distance and direction information and/or indication for all 
assigned tags, or cAioose one using for &xanxpl& a small nummc pad. 



In Step (b) there is reader 2 sending a wide band transmit command signal to 
RF tag 4 by using directional antenna 8* 

In ordEX to locate distance and directional injfonnation to one or more RF 
tags 4, reader 2 is sending a directional wide band transmit command signal to RF 
tag4. 

The reader may rqpeat its commands periodica]ly, for exanq)lB once a 
second, in order to cootinnany track the tag. In order to save power of both the 
reader and die tag, the repetition fisquency inay be adaptive. The readear may 
inCTease die repetition frequency when it detects fest changes in the received 
power of &e response, or make slower rep^on when die received poww of tiie 
response is stable. 

In an exenqilary enibodimmt of the present invention wherdn reader 2 is 
diq)laying distance and directional information to a specific RF tag 4 having die 
idmtification number si]5)plied in die previous step, reader 2 is sending an 
addressed wide band transmit command signal, known as unicast wide band 
transmit command signal. In anodier exemplary embodhneot of die present 
invention wherein reader 2 is displaymg distance and directional informaticMi to 
all recognized tags tiiat had responded, OTwh^enireadOT 2 is displaymg distance 
and directional infermationto tags matchmg a list of one or more tags associated 
to device 6 diat had req>onded to reader2 fliat sent a wide band broadcast transn^ 
command signaL A wide band broadcast transmit command signal is a general 
signal, wifliout a tag idraitifiLcation, diat may or may not contain data. The wide 
band broadcast transmit command signal may contain the identification number of 
the reader, and the tags may not respond to imaudiorized reader. 

In an exemplary embodiment of the present invention, the transmission 
power of reader 2 may be configured by die user, for exanq^le to limit die range in 
which die signals are received. Such limitation may be used for security reasons 
and/or m orda: to Innit die number of tags 4 respondmg to die wide band transmit 
command signal, and dius limit the chances of a collision occurring. 

FIG. 2 is a schematic time chart illustrating an exenqilary preferred 
embodiment of a wide band transmit cwnmand signal 20, in accordance widx an 
exen^larycanboduneait of the present inventicHL Optionally, wide band transmit 
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command signal 20 features a sequence of pulses 22 separated by a fixed interval, 
for exanq)le 10 microseconds (it is noted that for clarify of FIG. 2, the lengflis of 
pulses 22 and the pmods there-betweea are out of proportion). The pulses can be 
eifhtff unmodulated to geuCTated base-band transmission, or modulated onto a 
5 carrier wave to geterate pass-band transmission. Each pulse 22 optionally has a 

dK>rtduratioao£ for example, 10 ns (nanoseconds). In die preferred embodnnCTt 
of flie presCTt invention, pulses 22 of wide band transmit connhand signal 20 are 
optionally organized in three intervals: a pteamble portion 24, a data portion 26, 
and a response period portion 28. Each interval may not be fixed, but be used , 
10 eifliBr periodic or not periodic, according to some pseudo-random sequence in 

order to reduce the collision probability between two readers 2. 

Preamble portion 24 is optionally used to alert tags 4 of the command. Inan 
exen^lary embodiment of die present invention, die number of pulses 22 in 
preamble portion 24 is such diat tag 4 will be activated and receive at least one of 
15 pTjQses 22 ofpreamble portion 24, regardless ofthe relative timmgofreadCT 2 and 

tag 4. Optionally, prearnble portion 24 includes a sufficient nnniber of pulses, 
SUC& that a plurality of pulses 22, for eacanqde, at least five. ^ 
identified in activation periods by any tag 4, mease one or more of the pulses 22 
is not identified due to noise or othCT reasons. Ihanexcn5>lary embodunentof the 
20 invCTtion, preamble portion 24 includes about 500 pulses 22. 

In an exenq^laiy embodiment of the iav«tion, data i)ortion 26 of wide b 
trananit command signal 20 features one or more of the following fields: a 
dehmitCT field, for identifying the beginning of the message (for exanq>le, 16 
bits), a reader ID field (for exan:?)le, 48 bits), a cOTmnand field (for example, 8 
25 bits), an optional information field (for example, 48 bits), a cyclic redundancy 

check (CRQ field (for example, 16 bits), and/or an em>r correction code (ECC) 
parity field (for exam5)le, 16 bits). It is noted that diese fields and lengths are 
brou^ by way of exan^le and any other suitable fields and/or sizes may be used 
with the present invention. 
30 In an alternative exeixq>lary embodimmt of the inreseut invention, in 

addition to a value rq^resenting the broadcast wide band transimt c^^ 
20, the command field may have othor values, for exan^)le, a vahie represmting 
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tiie unicast wide band transmit commaad, foUowed by a tag ID field the 
infonnatioii field, for commmiication with a specific tag 4. Optionally, aa 
aotiienticatLon method, possibly a two-way auflienticatioa mefliod, is used during 
the communication between reader 2 and a spedfic tag 4. Alternatively, an 
5 enc^tionmelhod is used to prevent unauthorized eavesdroi^ 

AltOTiatively, a wide band liansntit command agnal 20 wiflw 
can be used in single system wifli low requirements, and for systrais not designed 
to ^jj firantriiTiate between multiple cancmrenfly operating readers. 

Pulses 22 of resp(mse period portion 28 are optionally used by tags 4 to 
10 synchronize tiirfr response signals, as described hCTeinafter. Pulses 22 of data 

potion 26 are optionally modulated with specifics of the wide band transmit 
command signal 20, while pulses 22 of preamble portion 24 and response period 
portion 28 are not inodulated, or modulated with a sequence Imown to tiie tags. In 
an alternative «enq)lary embodiment of the preseait inveaotion, pulses 22 are 
15 modulated by changing their transmission time. For exan^le, a 'l' bit may be 

modulated on to a pulse 22 by 5 ns delaying the txansnrissicm of a puls^ and a W 
bit may be modulated by transmitting a pulse 5 ns in advance. Moreov^, oth^ 
modulation mefliDds, exan5>le, anq^litude modulation, phase modulation, 
and/or firequency modulaticm schemes, rnay be used. 
20 FIG. 3 is a sdiematic block diagram ilhistrating an exeni^laxy preferred 

CTibodiment of directional antenna 8, reader 2 and display controller 10, in 
accordance witii an exen^laryOTbodimCTt of die pr^^ APLL34is 
controlled by a high ftequency reference clock 32 providing a higji frequency 
dodc signal, for raran^ae 200 MHz with a 5 IIS (nanosecond) cycle. Optionally, 
25 die dock cycle should be sufficient to sanq)le tiie signal bandwidth according to 

Niquifet criterion. A counter 36 optionally providing a low fteqjiCTicy signal (for 
GKansplQ, 100 KHz) for timing the generation of pulses 22 (Le., each low 
frequency signal inrdates a transmisaon of a pulse 22). Packet generator 42 is 
generating the packet data of wide band transmit command signal 20. In an 
30 exen?>lary embodimCTt of the present invention, packet generator 42 providing 

the bits of die jacket data, to a pulse position modulation (PPM) delay genwalor 
44 substantially as described below with reference to tag 4. It is noted diat packet 
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generator 42 may provide three signals, i.e., for 'O', '1' and no modulation. 
Similariy to Hiat described with refercsnce to tag 4, tie output of gmoator 44 is 
provided to a pulse geajerator 46, which passes its output to a pow smpliSsx 48 
for transmission after inq)edance matching 50. In order to acquire directional 

5 information, the antenna of device 6 is a directional antmna 8. In a prefraed 

embodiment of the presmt invmtioo* the reader is usmg the frequency band of 
2.4-2.48GHZ and the size of the antenna is about 5X5 cm. The side-lobes and 
badkrlobe of directional antama 8 should be kept smaJL An exemplary antenna in 
acccffdance with the present invention nicludes a metal back. In a preferred 

10 OTibodimentofthe present invaition, in order to make the s^ 

and more convenient to cany, the directional anteima can be folded whenever 
device 6 is nc^ in use. Folded anteinas are well known m the art An exemplary 
reference is "Antenna Theory: Analysis and Design", 2nd Edition, by Constantine 
A. Balanis. 

15 The directional antenna can be 'smarf directional antoma or Mooopulse' 

type configuration, conveying angle infocmation as well by using at least two 
receiving antennas. These antennas have antenna patterns wdiibiting a snigle 
mamlobe. The antemas are spatially separated on the order of a wavelength or 
more and their inainlobes are oriented in sfi^y diflfei?^ 

20 el gnalB nf the antennas are processed by first the sum and difference signals of the 

two antenna signab. The sum signal corresponiib to a beam pattern in the fir field 

and is designated the sum beam. The difference signal corresponds to a beam 
pattern in the field and is designated the difference beam. As is weU known in 
the art of Monopulse radar, the an^e of arrival of a signal can be estimated ftom 
25 comparison of the sum and difference beams. 

Remaining con^nents of reader 2 used for receiving the responses fix)m 
tags 4 are described in step (e) of the method of the preset inventiorL 

In step (c) then is at least one tag 4 waiting to rcc^e the wide band transmit 

30 command signaL 

While tag 4 is waiting to receive tibe wide band transmit command sig^ 

the tag is scanning in the tnne domain or scanning m fte frequency domain 
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especiaUy whenever there is uncer^ty in the frequency. RF tag 4 is tiansmittmg 
only after receiving the transmit copimand from the reader, mainly m orda: to 
save energy, prevent spectral poUudon, and enlarge the tag lifetime. 

In an exemplary embodhnent of the present inv^tion. featuring tags 4 are 

5 scanning in the time domain, whenevCT tags 4 are not transmitting or receiving 

signals, they are deactivated into a sleep mode in order to ccmscave energy. 
Optionally, in Ihe sleep mode, tags 4 are activated periodically with a duty cycle 
ot for «anq)lfi, 1%. In an cKenqjlary embodiment of the invoatian, dm^ 
sleep mode, tags 4 are activated for about 100 ns eveiy pedod of about 10 

10 microsecoDds. Optionally, the tine betwem activation periods of tags 4 is 

dififerait flian flie time betwera consecntrve pulses 22 of wide band transmit 
command agnal, such that after up to a predetemuned nunibCT of activation 
periods, an activation period wiH coincide with a pulse 22. Optionally, tags 4 
incdode a Wgh rate coimter adapted to time the activation periods. 

15 ^ an exemplary embodimeDt of the present invention featuring tags 4 

scamiing m the fi^queaicy domain, tags 4 are sweeping the center frequ^ 
demodulator (described below) in steps such as to cover the desired frequency 
range. Eadi period of time the receive cratial frequency is dianged un^ 
band transmit command signal is detected. 

20 Optionally, tag 4 receiving the wide band transmit command signal is 

reqKjnding to the wide band transmit command signal with a response signal 

Tags 4 may be passive tags, wWch use energy transmitted to them 
&CT2selves or may be active tags v^ch are battray powered or powrared by other 
power siq)plying means, such as for exanqile a car battery or alteiiator. In an 

25 exen5)lary embodiment of flie present invention, passive tags 4 receive the energy 

fliey use for transmission from reader 2. Alternatively or additionally, passive 
tags 4 receive their energy from a field gen^ator separate from reader 2 and/or 
transnutting in a s^arate frequfaxcy band fem the wid^ 
signal of reader 2. 

30 RefOTing now back to the drawings, FIG. 4 is iUustrating a prior art 

schematic block diagram of an exemplary preferred embodiment of a tag 4, in 
accordance with an exemplary embodimmt of the inresentinvttiti^ FI0.4was 
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disclosed already in PCX appUcation No. PCT/IL 03/00358, dated May 4, 2003, 
by the same inventor of the present invention. Tag 4 features followmg described 
primary components. An antenna 70 tuned to receive wide band transmit 
command signaL An optional matching network 72 pCTforms impedance 
5 matriiing between the reception and/dr transmission blocks of tag 4 and antenna 

70, as is known in the art An optional switch (not shown in FIG. 4> is used for 
aUematively connect a reception path or a transmission path to ant^ma 70. A 
pulse detector 74 identifies pulses 22 on wide band transmit command signal and 
provides a iriggCT signal responsive to each pulse 22. In an exempi^ 
10 embodimeDt of the present nxveodon. pulse detector 74 conqaises a band pass 

filtCT (BPF) 100 whidi passes only ftequenci^s used for the transmission from 
reader 2 to tags 4. A preaiiq>hfi«- 102 amplifies the signal from band pass filtCT 
(BPF) 100 and an raergy detector 104 generates a signal whose voltage level 
represents the energy of the amphfied signaL The output of detector 104 is 
15 compBicd m a con^arator 106 to a low pass ffltering of the signal, from low pass 

filter (UPF) 108, m ardex to detect pulses 22. QptiOTally. ther output of low pass 
filter (LPF) 108 is anq^lified such that the conq)arison is a^ 
leveL It is noted that instead of low pass filter O^F) 108 any otha: thredpld 
ad^tation unit may be used- For example, the signal from detector 104 may be 
20 provided to a peak detector which detecmmes the peak height of each The 

reference to the conqiarator is thai optionally taken as a obtain percentage (for 
exannple, 50%) of flie peak level rather than bring tafceai ftwn low pass filter 
(LPF) 108. Altecoatively, any other circuitry is used to unplmimt pulse detector 
74. FOTexanq)le, pulse detecte 74 may comprise an AC blodc capacitor and/or a 
25 constant threshold level to which the comparison is performed 

In the exen^lary embodiment of the present invention, when tag 4 identifies 
pulses 72 of preamble portion 24 of a signal received by antenna 70, a 
demodulator 78 is activated, so as to demodulate die data content of the data 
portion 26 of the received signaL Optionally, demodulated bits from demodulator 
30 78 are provided to a packet handler 80 of tag 4, which is ad^ted to detmnine the 

conteaitofthe received signals. If a recdved signal includes a wide band transmit 
cominand signal, packe* handler 80 opti<maUy gmerates a reqK>nse 
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Remaining components of tag 4 used for transmitting the response are 
described in the following step. 

In Step (d) ttere is RF tag 4 recdvfng tlie wide band transmit command 
signal and transmittingy according to a predefined logic, at least one wide 
band response irignal in synchronization witb the reoaved wide band 
transmit command signaL 

After receivitig a wide band transmit conamand signal, tag 4 is deciding 
whetber it sbonld respond according to a predefined logic. Exan^les of a 
predefined logic to a wide band transmit command signal are: tag 4 should not 
answer to evay wide band transmit command signal, tag 4 is analyzing the wide 
band transmit command signal and responds only to specific reader or readers, 
and the response of tag 4 depends on the specific receiving reader. The main 
difference between an addressed wide band transmit contimand signal and a wide 
band broadcast transmit command signal is that whenever tag 4 is receiving 9J1 
addressed wide band transmit command signal, it is txansmitdng a wide band 
response signal only to an addressed wide band transmit command signal having 
the appropriate tag identification. 

A large transmission range may require a relatively higb pow^ 
consunq>tion and/or sophisticated hardware fxxm tags 4. A large transmission 
range may be economical even with battey operated tags by using the method 
described below to reduce the powCT consumption of tags 4. 

Tag 4 wide band response signal may contain data. Not depending if th^^e 
is or there is no data in the wide band response signal, the tag 4 is tr ansmittin g a 
signal that allows reader 2 to detect the presence of a tag 4 and to measure its 
distance. Li an exeng)laiy embodiment of the present invention, for simplicity, 
the data content rocludes a predetmnined sequence used by tag 4 in all its wide 
band response signals. Alternatively, the data content may include specific data 
customized to the ^ecific received wide band transmit command signal, for 
example responding to a specific ID in the wide band transmit c ommand signal 
(such that a plurality of readers 2 may be used without interference in the same 
vicinity) and/or stating a random delay applied to the wide band response signal 
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by tag 4, as described below. In an alternative Qxemplary embodiment of the 
preset invention, tbe data cont^ of llie signals transmitted by reader 2 and/or 
tags 4 are encrypted by using any known in the art method. 

The wide band response signal of tag 4 to fbe wide band transmit comrpand 
signal may be earned out by using one of many available methods, all of them 
featuring adding scmie time delay, or other means, to the wide band response 
signal in order to avoid detmninisdc collisions between a plurality of tags. In 
other words, assuring that the collisions are not pocsistept and tlnefoie can be 
resolved by using itmlions. For example: each tag 4 waits a pseudoriandom 
period before beginning to transmit the wide band response signal, in ord^ to 
prevent occurrence of a collision, in case a plurality of tags 4 respond togedier. 
Optionally, in these raibodiments, each tag 4 transmits to reader 2 the length of 
the delay period it waited before transmitting the wide band response signals. The 
length of the delay period is optionally transmitfced to reader 2 ocoded in die 
wide band response signal, as described below. 

Alternatively, the length of the delay period is transmitted on a separate 
signal. 

Alternatively, the length of the random delay is in large steps relative to the 
possible delay values, so that the delay pffliod may be removed by read^ 2 fiom 
the measured delay, without kno^edge of Ae length of the delay pmod. 

Alternatively, some or all of tags 4 are adapted to transmit two or more wide 
band response signals with difierent random delay values q>plied to wide band 
transmit conamand signal Optionally, each tag 4 determines randomly the 
number of wide band response signals it is to transmit Tlie number of wide band 
response signals transmitted by each tag 4 is optionally selected such diat, on the 
average, an optimal number of wide band response signals are transmitted by all 
the responding tags 4, for exanq>le, 18% of the maximal possible xuimb^ of wide 
band rehouse signals. 

AltOTiatively, each tag 4 responds on a channel selected randomly £x>m a 
predetemuned pool of diannels. The channels may differ in their frequencies (for 
exanq>le, when using frequency division multiple access (FDMA)) and/or in their 
codes (for «anq>le, when using code division muMple access (CDMA)). 
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In m exemplary embodiment of the present inventioB, the wide band 
response signal carries the ID of Ihe tcansmitting tag 4 so ihat reader 2 knows die 
id^ties of the responding tags 4. Mtensdvdy, ia order to simplify system 10, 
Hie. wide band response signals are not encoded wifli Hie ID of Ihe tc ansm i t t ing tag 

5 4. This altmative may be used when tag 4 is recrfvrng an addres^^ 

transmit command signal or when it is only necessary to locate a tag 4 in the 
vicinity of reader 2 and it is not iir5>ortant to know the identity of that tag 4. 
Optionally, in fliis alternative, reader 2 may qossry the respcaidmg tag 4, for 
GKsanplt using the time delay on which the wide band response was received to 

10 identify tte respondmg tag 4- Alternatively or additionally, in enabodiments in 

which dififerent tags 4 req)ond on different channels (for example, freqpiency 
channels, and code channels)^ The specific channel used by the tag 4 to transmit 
the wide band response signal is used to query tag 4. 

Hereinafter three alternative exenq)laiy embodiments of die wide band 

15 transmit command signal and/or wide band response signals according to the 

presCTt invention: 

La the first exemplary embodnnent of wide band transmit command signals 
and/cMT wide band req;>Qnse signals according t30 the present invention, die wide 
band tEansmit command signals and/or wide band response signals con^oise pulse 

20 signals wHch include pulses separated by no-caiCTgy periods. Optionally, the no- 

en^gy periods between pulses of a signal are of a same predetmnined duration, 
sudi that afte timiiig onto a first pulse of the signal, the receiv 
of die rest of Ae pulses of die signal The use of pulse signals enables the low 
powearconsun?>ticMaL of tags 4, as described below. In addition, the use of pulse 

25 signals enables tile transmission of a plijrality of wide band response signals on a 

single channel at oved^ping times without interference. Pulses can be either 
base-band or pass-band, as disclosed above. Inanex«nplary embodiment of the 
invention, a transmissidn data rate of about lOOKbrt/sec is used, witii a bandwidth 
of about 50 MHz centered at about 2440 MHz. The shape of die pulse may be 

30 sm^>le,sudi as Gaussian shape for example. AUraiatively, the shape of die pulse 

may be complicated wifli complex sh^e designed to decreased tiie peak to 
av«ige ratio. Such conqilicated pulse has longer duration, e.g. lOQns but has 
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gamft bandwidth of 50 MHz. As an example to a complicated pulse, is a pulse 
nnmpnsed by a sequence of short pulses separated by shoit gsqp of few ns and 
modulated by a barber sequence having good autocotrelation. 

In Ihe second exeo:q>laiy embodimmt of wide band transmit command 

5 signals and/or wide band response signals according to "die present invention, die 

wide band trangmit command signals and wide band response signals feature 
direct sequence spread spectrum signals. In an exemplary CTobpdiment of Ihe 
invention, a transmission data rate of about lOOKbit/sec is used, with a bandwidth 
of about 50 MHz, centered at 2440MHz. Note that considering the eiror 

10 correcting code or other ovediead the actual information data rate is low^ than 

lOOEbit/sec. 

In the third «cemplary emhodimeut of wide band transmit command signals 
and/or wide band response signals according to the present invention, the wide 
band transmit command signal and wide band response signals oon:q)iise other 

15 type of wide-band signals than described in the first two exemplary embckSments 

fcH* achieving other advantages as intezfezeaace rejection,, fteqaen c y ezrar 
rejection, better muM-path immunity and more. 

RefCTing to FIG. 4 again, in generating the wide band req>onse signal, 
packet handler 80 optionally detecmines a data contmt to be modulated onto the 

20 wide band response dgnaL in an altmiative exenqplary embodisoent of the 

presCTt invention, for simplicity, the data coolent includes a predetermmed 
sequence used by tag 4 in all its wide band response signals. Alternatively, the . 
data content may include specific data customized to the specific received wide 
band transmit command signal, for example responding to a specific identification 

25 in the wide band transmit command signal (such that a plurality of readers 2 may 

be used without interference in the same vicinity) and/or stating a random delay 
allied to the wide band response signal by tag 4, as desaibed below. In anoth^ 
altem^ive exemplary embodiment of the present invCTtion, die data content of the 
signals transmitted by reader 2 >nd/or tags 4 are enoypted using any method 

30 Imownintibeart 

The transmission of the wide band reqKmse signal pulses may be timed by 
the received pulses 22 of wide band re^onse period portion 28. In an exenqplary 
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embodiment of the preset invention, for each received pulse 22 of wide band 
response period portion 28, a pnlse of the wide band response signal is 
transmitted For exan^le, each tag 4 responding to the wide band transmit 
command signal transmits a pulse of its wide band req)onse signal responsive to a 

5 pulse 22 of wide band response portion 28. OptionaUy. eadi tag 4 transmits all 

the pidses of a specific wide band response signal, a predefcemrined delay time 
after recrfving the pulse 22 of portion 28. In an alternative exemplary 
embodimsnt of the preseaat invention, tiie predetemined delay time is selected 
nsing a pseudo-random method, for each ^edficsignaL Thns. tiie same delay is 

10 used in these embodhneaats for all the pulses of a sm^e wide band response 

signaL 

Rrfemng to FIG. 4, in an exemplary enibodiment of the present mvention, 
in parallel to preparing the data cantent of the wide band response signal by 
packet handler 80, for each pulse 22 detected by pulse detector 74, a triggcar signal 

15 d^'g"atTTig the tiirring of a respective pulse is provided on a line 84, The 

pr^aration of the triggear signal on line 84 is described below. 

In an exemplary raibodiment of the present invention, in which the data 
content of the wide band response signal is modulated by c hang in g the timhig of 
its pulses, a pulse position modulation (PPM) delay generator 86 receives the 

20 trigger signal on line 84 and the data content of the wide band response signal a 

bitatatime. Foreachreceivedtriggar,delaygenCTator 86 alters the timing of the 
trigger accordmg to flie value of the data bit currcnfly provided, and passes the 
altered trigg^ to a pulse gGDsratoi 88 which generates a reqiective pulse. The 
pulse is optionally aixq)lified by a power ang)lifier 90 and tcansma^ 

25 70. Altematively, separate antennas may be used for reception and transmission 

OptionaUy, tiie wide band req)onse signal is transmitted on the same 
channel as wide band transmit command signal, and tiie pulses of the wide band 
respcmse signal are timed to be transmitted between pulses 22, so as not to be 
interfCTcd by die wide band transmit command si^iaL Altematively, tag 4 

30 tismsmits the wide band response signals on a diffeentchanneL 

Optionally, pulse position modulation (PPM) delay generator 86 adds an 
additional constant delay to allow for backward modulation (for exanq>le, 5 ns). 
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Alternatively, a time modulation wiiioh does not require backward timing is used, 
for exan^le, addition of 0 ns for '0' and 10 ns for 'V. Alternatively, otiier 
apparaftis arrangements are used for the modulation, aUowing for inserting 
backward delays. 

Refening in more detail to generating flie trigger signal on line 84, fii an 
exemplary embodiment of flie present inventitm, lag 4 includes a phase locked 
loop (PLL) unit 76, v*idi manages, based on an internal clock (not shown) of tag 
4, a hi^ rate internal timing signal at ahi^ratelhan Aerate of pulses 22. Ja. 
an exemplary embodiineot of the invention, liie intein^ timing signal operas 

rate 100 times fester than pulses 22. Optionally, PLL unit 76 includes a division 
CTxatit (not siovm) Minch produces a rednoed-iate timing si^ 
as pulses 22. Optional^, a phase detector wifliin PIX unit 76 compares the 
tri^er signals of pulse detector 74 generated responsive to pulses 22 to tiie 
reduced-rate timing signal of PLL unit 76. According to the con?.arisan of flie 
15 phase detector, tiie timing ofPLL unit 76 is corrected so as to synchnmize to the 

riw^ing of reader 2. Thus, flie round trip delay timing measuranents are not 
substantially affected by tiie feet that reader 2 and tag 4 have diffaCTt docks. In 
an ahemative exemplary embodhnent of the present invention, PLL unit 76 
provides flie reduced-rate timing signal to demodulator 78 y*ich uses Ae 
20 leduced^rate timing signal in perfimningfliedeorodulation, as is Imovm 

In an exen?>lary eoibodiment of the present invaotion, as motioned above, 

fix each wide band respcmfie signal, a random dday is selected, to prevent 
collisions wifli wide band response signals of other tags 4. A counter 82 
optionaUy adds flie random delay period to die trigger signal ficom pnlse detector 

25 74, so as to provide the trigger signal on line 84. In an alternative exemplary 

embodhnent of ti»e present inveaition, counter 84 receives from pack^ handler 80 

an mdication of the random delay period to be added to die ttigger signal. 
Optionally, the indication of die random delay period is provided to counter 82 in 

the form of an integer number indicating a number of cycles of the hi^ rate 
internal ti,^mg signal which are to form die random delay period, hi an 
alternative exenq)lary tanbodunent of die present invortion, die mteger nmnba- is 
selected using a pseudo-random algoridmi m die range of the number of cycles of 
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the high rate internal tuning signal inchided in the period bet^'em two pulses 22, 
for exarople, between 1 to 99. Optionally, a random delay period of 0 cycles is 
not used, as the internal operation delay of tag 4 would cause a delay to be added 
when the delay is not desired. In an alternative exemplary embodiment of the 
5 present invention, tags 4 have a low internal delay which is negligible relative to 

the intendonally added delay. Altmiatively, tag 4 includes &st switching 
apparatus, such that the variable internal delay is negligible relative to the 
measurement accuracy of reader 2. 

Alternatively, vriiien the chances of a collision are very low and/or when 

10 other methods are used to prevent and/or resolve collisions, PLL unit 76 and 

counter 82 are not used and the trigger signals fiom pulse detector 74 are provided 
direcdy on line 84. In an exen^laiy embodimait of the present invention, in 
accordance with this alternative, reader 2 includes a PLL unit for other puri)oses, 
for example to aid in the reception of the wide band response signals and/or in the 

15 averaging ofthe pulse times ofthe wide band response signals. 

Pulse generator 88 optionally conqxrises a digital pulse generator 92, whicb 
gmerates a short digital pulse, for exanq>le: 10 ns logic T. The short pulse is 
optionally provided to a shaping fflt^ 94 which smoothes the pulse for 
tzansmissioii, as is known in the art Shaping filter 94 optionally makes the pulse 

20 in the bandwidfli suitable far transmission in the required band Optionally, the 

s hapi rg is x>^ibrnied without causing &e pulses to have side lobes which may be 
interpreted as the pulses. 

In an exmiplary embodiment of fb& present invention, an RF oscillator 96 
and a mixer 98 modulate the shaped pulse from shaping filter 94. It is noted that 

25 the shaped pulse duration is longer than the short digital pulse, for example, of 

about 50 ns. Optionally, RF osdllator 96 and mixer 98 opiate for the entire 
duration of the shaped pulse. In an alternative exraiplary embodiment of the 
present inv^ition, the operation of RF oscillator 96 is determined by a control 
signal provided by digital x^ilse gen^iator 92, together with the short pulse 

30 provided to shaping filter 94. 

In an exemplary ecobodiinent of the present invention, before tag 4 bpgjns 
transmitting modulated pulses of the wide band response signal in 
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synchronization witii tiie wide band transmit command signal, tag 4 is 
transmitting, at the beginning of tiie response period, several (for example, 10) 
non-modulated pulses or modulated pulses with a sequence identical to all tags 
and known to the readec, f^^rrm^ a second syndironi^adon pedod of the PLL of 

5 tag 4. The object of feis second synchronization period is to increase the look 

accuracy of the PLL. These ncm-modnlated pulses optionally wfoan readCT 2 of 
the forthcoming wide band response dgnaL These non-^uodulated pulses also 
optionally used in reader 2 for increasing ft© accuracy of estimating the numb^ 
of responses to the wide band tran^nit command signal Note fbst a collision 

10 between two tags is ii i tepre te d as a sin^^ tag response. Alternatively, the PLL 

syndnonizatian period is caiiied out without actuafly transmitting the p^ 

Tag 4 can be programmed to respond only to a specific set of readm 
according to their reader ID. This can save the power of tag 4, improve security 

and reduce the traf&c. AltCToadvely or additionally, tag 4 stop answering the 
15 wide band transmit command signal fixm a spod&o reader 2 after it responded to 

wide band transmit command signals ftom that specific reader a predetemnned 
nmnbCToftimes in a predetermined duration. Responding to the specific reader 2 
is resuming after either that predetermined duration past since last wide band 
response or the receive power has been dianged by more thali a p^ 
20 lelativetothepower of die recdved signal to wMch tag 4 had responded. Tag 4 

determines reader 2 identity by eS&ex using reader 2 ID, if irosents in the signal 
recdved by tag 4, or by phyncal prop^es of the signal Aat identify reader 2, 
sudi as for exairple: carrier fiieqamcy or time slot This mechanism is 
advantagebus in two aspects: saving the power consumed by tag 4 when 
25 transmitting the wide band response signal, and reducing the traffic on the air, 

reducing int^ierance to other tags that need to respond or to other wireless 
devices thereby reducing the collision probability. 
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In Step (e) there is reader 2 receiving ^e wide band response signal from RF 
tag 4, measuring tlie round trip delay and the ampUtade of the recdyed 
response signaL 

Reader 2 is measuring the round trq> delay (RTD) between the transnnssiou 
5 of the wide band transmit command signal and fb& recseption of ftie wide band 

re^cmseragnaL 

111 oyder to acquire rough directional information, the antoma of device 6 
the reader is a tfrecdonal antmna, as <fisc|osed above, the recdved signal 
an^litDde of the first pafli in the multi-paSh by a directional antrana is a non- 
10 linear function of the angjes between the main axes of directional antema 8 to KF 

tag 4 dixecdon. As a result, die relative anaplitude of the first path in the multi- 
path to the TnflYiTmm approximated value approximately defining a spatial angje 
that is it^f^^rart^g the direction fraax where the signal propagated with a right-left 
ambiguity. The received signal anq>Utude, preferably of the first path, is 
15 transferred to display controUor 10 that is indicating the user about the relative 

an^Utude of the recdived signal conqpaied with die estimated xnaxin^ 
signaL In order to find the transmitting RF tag 4, the user manuaHy poh^^ 
to the direction of mariraom received signal amplitude. 

In an exemplary eanbodimfiiil of Ihe presrat mvention wherem the user is 
20 locating lag 4 in an area featutmg obstacles, the maximnnn sfenal or total sigpal is 

measured fmstead of die relative anq)litude of die first path in the muM-path). 
Measuring maxhnnm rignal defining a spatial an^e to tag 4 ttiat may direct the 
user to go around some of that obstacles. 

In die exm^lary embodiment of die present invention whearein reader 2 is 
25 SMidmg a wide band broadcast transmit command signal, readw 2 may receive at 

least one wide band response signal, wherein that at least one wide band response 
signal received by read^ 2 may include overlapping wide band response signals 
whenevCT it is mcludmg a plurality of wide bahd response signals transmitted by a 
plurality of tags 4. In diat exemplary embodiment, reader 2 is detecting at least 
30 one response sequence included in diat at least one wide band response signal 

received by reader 2, counting die approxnnal© nmnba- of distinguishable 
responses to fliat wide band transmit command signal, and analyang die wide 
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band response signals transmitted by the aai&orized tags in order to detennine «ie 
round trip delay (RTD). For each wide band response signal received by reader 2. 
reader 2 determines &e round trip delay (RTD) between flie transmission of flic 
^de band transmit cormnand signal and 4e recqrtion of the wide band respcinse 
signaL In an exen5>laryembodimeiitoflhe present invention, reader 2 is cotm^ 
ibs ntmber of valid tag responses using some validity cheds methods, for 
exan^le, using the CRCdMx*. Alternatively, in case that a very large nmnber of 
tags responses anindreds to Aousands) are expected, the collisioa ra^ 
4at the nmriber of valid responses would be too low. An alternative method that 
is almost insensitive to «xe collisions, is detecting the jteesence of the non 
modnlated, or modulated with predefined sequence, period of the tag response. 
The pioperty of flns section of die reqwnse is that accumnlalion of responses of 

several tags ist^snaHy not destructive. 

In an exeaplaiy embodfanent of Ae present invention, reader2 is ad^ted to 

have a distance resolution of between few meters to few c^eters. OptionaDy. 

signals ofabandwidth of aboutSO MHz. orevenabout 100 MHzareused. Inan 

exenq>lary embodiment of the invention, the transmitted si^ 

band. 

In an exenq>lary embodhnent of die present inveodon. 4e round trip delay 

is determined by subliacling a predetemmjed correction feclor fi^ 

time between ihe transmission of the wide band transmit command signal and 

receiving die wide band response signals. The predetem^ correction fector 
optionaJly condensates for a known d0ay of tags 4 between xecrfving the wide 
band Hansmit command signal and transmitting the wide band response signal 

and/or for the «>peration time of reader 2. In anoflier alternative exeim,lary 
embodiment of the present invention, the same correction fector is used for all 
tags 4. Alteniatively. different tags 4 have different predetermmed correction 
fectors and reader2optionaUy selects tixe fector to be used, fiomapre^nfiguied 

Kst or a hash fonction, according to die identity of die specific tag 4 and/or 
according to any other mfonnation known about tag 4 and/or received ftom Ae 
tag4. The difeient correction fectors may be due to different hardware structures 
of tags 4 and/or due to a purposeful different dday configured inttt difteent 
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groi5)S of tags 4 in order to reduce the chances of a collision between the plurality 
of wide band response signals transmitted by tags 4. 

In an exemplary embodiment of the present invention, as mentioned above, 
tags 4 delay tbe transmission of iJie wide band r^onse signal by a pseudo- 

5 random delay period in order to reduce the diances of a collision occurring. 

Alternatively or additionally to reducing flie predeteanined catrection fector, in 
fliese ombodimCTts. reader 2 subtracts the length of die random delay period from 
the measured time between the transmission of the wide band transmit command 
signal and receiving the wide band response signals. 

10 In an exemplary embodim^at of die present invention, reader 2 does not 

opiate any collision resolution method, as tiie diances of a collisio 
sudi resoluticm methods are not required. 

In an exemplary embodiment of the present invention, there are reflections 
that cause die transmitted wide band response signal to travel along few paths to 

15 • reader 2, known in the art as the Multipath' effect Hie Multipath effect causes 
inaccuracy in the delay measurements since each of the paths has diflfeie^ 
Some of the well known in the art mediods for dealing widi the Multicpatii effect 
are adequate to the present inveiitian. In the prefisixBdenibodmient of the present 
invcDotion, there is measmng the del^ of the first MuMpaih 

20 most probably related to tihe Ime of sigiht (LOS) pafli, and therefiro reflects the 

true distance. There are several well known in the art techniques for measuring 
the first MultipaA componeDt Forexample, taking the risnig edge of the pulse 
signal as made from die first Multipath by synchronizing the transmit clock of tag 
4 to d» rising edge of the pulse. In anodier example, there is measuring m tag 4 

25 the niean delay of an Multipath, and syncln-oniring the transmit clock of d^^ 

tQ the mean delay. One way to do this is to down-Kxmvert and sample the received 
signal into a signal processmg circuit that correlates it with die transmitter pulse 
shape if the pulse sh^ is complex, and then take die envelope and conq>ute die 
mean delay. Alternatively, such conq)utation is carried in the frequency domain 

30 by averaging the phase differmce between consecutive frequency sanq^les. In 

reader 2, after iweiving the transmission from tag 4, there is calculating tiie rising 
edge of the pitfse by die digital signal processor (DSP), and con^eaosating the 
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10 



difference between the mean and the rising edge. The just described algorithms 
for dealing with the Multipatfa efifect may be in^lcmenled m reader 2, m the tag 4, 
or in both of them. 

In an exemplary embodimient of the present invention, a controller reviews 
&e recdved list of tag 4 IDs to deteonine whether a single ID spears twice. The 
multiple iq^>earances of signals fixxm a single tag 4, Le., wi& a single ID, is 
genecally due to mulli-padi reflections if the tag transmitted several times as 
described bdow. Therefore, the second occuxr^ce of the ID tag 4, Le., with the 
long^ delay, is removed fiom the list of responding tags 4. 



Refming again to FIG. 3 showing a schematic block diagram illustrating an 
exeaiq>lary preferred OTibodimait of a read^ 2, in accordance with an exemplary 
embodiment of the present invention, reception path 38 receives widp band 
response signals from tags 4, option^y through directional antenna 8, and 

15 provides^ baseband digital samples of the received signals to a DSP 40. 

Optionally, togethCT with the signal sauries, reception path 38 provides the 
reception time of each sanq>le, which is used far syadbramzs&m of software of 
DSP 40 to &e sanoples fiom analog to digital converter (A/D) 60. 

Altemativdy or additionally, the recqition times of Ae saioples are 

20 (tetermined by DSP 40 from the order in which die sanq>le5 are provided to DS^ 

40. 

In an exen^laiy embodimCTt of the presmt inventian, reception path. 38 
inchtdes a down-converter 54, an RF oscillator 56, an automatic gain control 
(AGQ 58 and an A/D converter 60, as is Imown in &e art OptionaUy, receptim 

25 path 38 further includes a buffer 62, which stores the samples until they are 

handled by DSP 40. 

In an exern^laiy embodiment of die presCTt invention, DSP 40 analyzes the 
samples, using methods known in the art, to detranine the timing of received 
pulses. The received pulses are optionally organized according to their timing 

30 relative to the transmission of a nearest previous pulse 22. The received pulses 

following a single pulse 22 are generally due to respective different tags 4. In an 
alternative exemplary embodiment of &e present invention, DSP 40 collects the 
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piilses having similar delay from pulse 22 they follow and marks them as 
belonging to a single tag 4. 

In an exemplary embodimait of presCTt invention, each collection of 
pulses belonging to a single tag 4 is ^amined to detamine liiat it includes at least 
5 a predetEtmined number of received pulses. Optionally, the predetemined 

ntimber of reqoiied pulses is a nunibrar that allows reconstrucdng the data content 
ofthe wide band response signal using eTOrcoETBctionmetihpds. In an exemplaiy 
embodimrait of the inventicm, die pred^CTnined number of reqmred pulses is at 
least i*out 7/8 of the total nuniber of pulses m wide Iwuid reqx^ 
yQ DSP 40 is optionally calculating an average time delay for collected pulse 

groups inchiding at least tiie predetermined number of pulses. Using the average 
time delay, DSP 40 Is extracting tiie modulated data from tiie collected pulse 
groups. The fuming of the pulses are optionally corrected according to their 
modulation (in those embodunents in ^ch delay modulation is used), for 
15 example by adding or subtracting 5 ns according to the bit carried by the pulse 

groi5>. Ibereafter, a second, more accurate, average is optionally caladated. 
Alternatively or additionally, before calculating die second average, pulses 
determined to be erroneous m the aior detection are removed ftom considrntioo, 
as tiidr tuning may be nicQErect, for raanq)le, due to multi-pafli reflections. 
20 Pulses determined to be erroneous in the error detection may be due to a felse 

detection and/or may olh^wise contribute erroneous timing values to the timing 
average. Ihanexen^laiy mibodhneaat of die present hxveii^ 
for Gxample a CRC diedc, is ^lied to die data of the wide band response 
signals, and only signals which pass the validity check are considered. The 
25 vaKditydieck and die error correction may be performed msep 

be p^ibrmed together in a single step. 

By PSP 40 calculating an average tune delay for collected pulse groins 
including at least the predetermined number of pulses, die precision of the round 
trip delay determination is increased relative to a single delay measurement In an 
30 exe3iq>laiy embodiment of the pfesent mvention, die pulse form of each received 

pulse is interpolated from die samples received from A/D converter 60, further 
enhancmg die predsicm of die round trip delay delennination. 
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In an exemplary embodiment of the present invention, tbe random delay 
purposely added by tiie transmitting tag 4 is determined from the draiodulated 
data and subtracted from the average delay, so as to receive the delay \rfiich is due 
to the traveling distance. Alternatively or additionany, the random delay values 
5 are provided in steps larger than the largest round tap delay of the s^nals, such 

that the random dday is subtract by DSP 40 without relating to the ccHiteits of 
the signaL For exanq>Ie, if ie range of system 10 is Innited to 15 meters, the 
longesttransmissiontimeofsignals is about 100 ns. Optianally, for this example, 
the random delay is in steps of 250 ns, DSP 40 then relates only to modulo of the 
10 cfiviacmofthe measured propagation taine divided by 250 ns. 

Further alternatively, a predetemrined delay is subtracted from the average 
delay. The ID of the transmitting dati is of^tionally also extracted from the 
demodulated data. The extracted ID and the delay due to the signal traveling 
distance are optionally transferred to a display controller 10 which detemmies 
15 whether to relate to tag 4 or whetho: tag 4 should be ignored. 

Alternatively to having a separate display controller 10 and DSP 40, a single 
processor may perform the tasks of both DSP 40 and display controller 10. 
FurthCT alternatively, ofliea: distributians of the tasiks 

coDlroIler 10 may be used. 

20 ihandternative«LeD:5)laryeinbodimCTtofftereoeirtionpath3 

of FIG. 3, reception path 38 inchiding: (a) a pulse detector, for example having 
the same structure as pulse detected 74 from FIG, 4 described above, which 
identifies the pulses in tiie received signals, (b) A counter provides timing counts 
at a relatively hi^ rate, for example 200 MHz, (c) For each received pulse, the 

25 line at wMch the pulse was received (for example, the rising or felling edge of t^^ 

pulse), is stored in buffer 62. In this alternative exen^laiy OTbodiniOTt, the size 
of buffer 62 may be substantially smaller than in the CTibodiment of FIG. 3, as 
only the locations ofthe pulses need be stored. In addition, die relatively cong>lex 
oscillator 56, down converter 54, AGC 58 and A/D 60 are not required. Jn Uns 

30 alternative exemplary ernbodiment, DSP 40 does not need to d^emme flie 

timings of the pulses as desoibed above, as this is pCTfMmed by the pulse 
detector. 



29 



It is well undecstood that it is possible to separate step of distance 
measuremeat and tag 4 identification to two separate steps of distaxtcei 
measuremeat and tag 4 idendficadon and/or itse anodier transaction or a separate 
protocol for doing so m&out affecting Ihe scope of the present invention. 

In opti<»ial step (f) there is redndng the collision probahility between a 
phiraIityoftags4. 

Reader 2 is testing a predefined statistical criterion indicative of the 
collision probability between ^ tag wide band response signals and according to 
the result of diis test diere is transnritting by reader 2 at least one additional wide 
band transmit command signal, and at least one tag 4 may transmit a wide band 
response signal according to a predefined logic 

In optional sub-step 1 of step (f) there is repeating step (f) until the number of 
responses received by reader 2 in response to a wide band transmit command 
signal is less dian th^ predefined statistical oiteTion. 

In optional sub-step 2 of step (f) there is repeating step (f) and sub-step 1 of 
step (f) additional number of times for reducing the overall collision 
probability. 

Since the estimated nmnb^ of responses can indicate about the collision 
probability, m an exemplary embodiment of the present invraticm, according to a 
predetmnined statistical criterion applied by reader 2 on the estimated number of 
responses received by reader 2 in response to a wide band transmit command 
signal, reader 2 transmit a second wide band transmit command signal or a 
plurality of wide band transmit command signals 20 iinmediately afier the first 
wide band transmit command signaL 

In optional step (g) there is reader 2 performing a task with tag 4. 

Moreover, reader 2 may conipare a predefined threshold to the measured 
round trip delay, and perform a task with tag having round trip delay that is 
passing the threshold test 
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The detennined round trip delay is optionaUy compared to an uppCT 
threshold value. For example, if the round trip delay is greater than flie upper 
threshold value, the respective wide band response signal is ignored. Hie 
remaining wide band ieq>onse signals (not ignored) aftea: flie conq^arison, are used 
5 by readCT 2 in performing its specific aiq)lication as described below. 

B is noted tifflt the threshold may be stated in trans of delay ti^ 
stated as a distance, in wWA case the time is converted into a distance 

con^arison. 

Moreover to conq>aring to an upper threshold, flie detomined round trip 
10 delay may be conq>ared to a lowOT threshold in ordo: to ignore tags too close to 

reader 2. Moreover, a plurality of allowed and/or prohibited ranges may be 
defined and the round trip delay is oonq>ared to vatoes corresponding to these 
ranges. 

Optionally, a usct may configure read» 2 with the ranges and/or the 
15 behaviors for the ranges. :&i an alternative exen:5)lary embodiment of the present 

mvention, reader 2 has a user interfece that allows configuration of tiie ranges. 
AltOTiatively or additionally, reads' 2 is associated wifii one or more host 
computers tiirough whidi the configuration is performed. In an altamalrve 
exea5>lary embodimeiit of tiie presCTt invention, fl^e configuration 
20 one or more external parameters, sodi as time, dale. visiWHty ccmditions and/or 

tem5)erature. For «an^le, different ranges may be used during day and ni^ 

In St^ (h) there is display controller 10 recdMng firom reader 2 the 
measured romid trip delay and ampUtude of the received r^onse signal, 

25 and displaying that information on a display device 12. 

In ordCT to acquire directional information, the antenna of the reader is a 
directional antenna, receiving signal ampUtude proportional tp the angles between 
the ipai'n axes of directional ant^ma 8 to RF tag 4 location, and as a result, 
defining a spatial angle that is indicating tiie direction from where die signal 

30 propagated. The received signal amplitude is transferred to tiie display conlroUer 

that is mdicating the user about die relative anq>litude of die received signal 
compared with the estimated maximum recdved signal anD?>litude as fbnction of 
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the measui^ distance betwem the device 2 to I3ietrans32^^ Ihoiderto 
find the transmitting RF tag, the user manually points fte locator device to the 
direction of mflYirmTm received signal amplitude. 

The approximate distance and indication of the relative signal as a functi 

5 of the angje between the axes of directional antenna 8 and RF tag 4 position make 

the task of locating tag 4 relatively easy. 

Display device 12 can indicate angLe and distance to RF tag 4 by using 
many various ways, all of Ihem fell wiflim «ie spirit and broad scc^ of flie 
present invention. An exen^laiy display device 12 having few LEDs, each for 

10 difference distance range or seveorsegment display that is indicating the distance 

in meters or ofbsr suitable units. The signal anq)litude information, which is used 
to dkect the antenna will be conveyed using an audio tone which its piteh or 
voltnne changes relative to the amplitude. In alternative exen^lary display device 
12, both angle and distance are conveyed using LEDs, sevOT-segment displays or 

15 LCD displays. La another alternative exemplary display device 12, there is only 

audio indication wherein the pitch is relative to anq>Utude aid votame relative to 
distance, or vice versa. In another alternative exemplary diq>lay device 12, both 
angle and distance are given visually and audio. 

hi an eaoanplary embodinrait of the present mvention, the amplitude of the 

20 first Multipath con^onCTt is finwarded to the display device. In an altemalive 

exenq>laiy embodiment of the present invention, a total ampUtude of all the 
recrfved MuWpalh components or oflier oOTibi^ 
is forwarded to fte display device. 

25 Thus, it is understood from the raibodiments of the invention herem 

described and iHustiated, above, fliat flie method and system for RF tag locating, 
of the present mvention, are neithear anticqjated or obviously derived from the 
prior arL 

It is ^predated that certam features of die invention, which are, for clarity, 
30 described in the context of separate embodiments, may also be provided in 

combmation in a single embodmieait CkmvCTsely, various features of tiie 



wo 2005/010798 



32 



PCT/IL2004/000688 



invention, which are, for brevity, desaibed in ±& context of a single embodiment, 
may also be provided separately or in any suitable sub-combinalian. 

While the invention has hc&a desocibed in conjunction with spedfic 
embodimeaits and exang)les thereof it is evident fliat many altanatives, 

5 modifications and variations will be ^ajent to those skilled in the art 

Accordingly, it is intended to embrace all sucJi alternatives, modifications and 
variations that fiJl within the spirit and broad scope of the appa Tar 
example, device 6, with the aqppiopriate modifications, may be used by a human 
being, may be used by an animal, or may be used by an electrraic system, such as 

10 a robot tzaddng automatically some object, or directing a camera to a required 

object, and so on. Whenever device 6 is used by an electrpnic systam, the 
measured round trip delay and an:q>litude of the at least one received response 
signal is delivered to the operating system of that electronic system and not to a 
display device (althou^ it may be delivered to a display device too whenever 

15 needed). 

Moreova:, although the above description relates to using pulse signals for 
communicating between reader 2 and tags 4, other types of signals maybe used, 
in accordance with some embodimeDts of the invention. For exan^le, in an 
exeraplaiy embodiment of flie presmt invaition, various spread spectrum 

20 transmission methods may be used, including direct sequence (DS), ftequency- 

hopping (FH) and mnlti-carrier CDMA (MC-CDMA), Moreover, oAer 
transmission mie^ds may be used with appropriate transceiver, such as chirp 
signals and/or short pulses or Icmg pulses with arbitrary sh^es with or without 
time hopping Cni)< 

25 Moreover, different seqqences may be defined for different readers 2. Thus, 

vAaai a t)lurality of readers operate in a close region, a collision corrupting one 
pulse of a wide band response signal does not usually prevent reader 2 from 
demodulating the wide band response signaL 

Moreover, it is possible to use a preamble signal or any other appropriate 

30 special signal for activating tag 4 that is in sleep mode. The preanible signal can 

be narrowband or broadband. 
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Device 6 may be used for substantially any RF tag locating. In addition. 
Device 6 may be used for secndty ptnposes, for exaix^>le by locating non- 
aodiorized people or objects. It is noted that device 6 may include a phnalxty of 
readers 2 in diSemit locations monitoring overlapping or non-overU^ing areas. 

The temi tag 4 used in the iabove descd^lion relates to substantially any unit 
vAnsb is attached to an object including vehicles, plants, animals and humans) 
for RF identification ofihe object or enabling the location of the object Tbetag4 
may be attacbed to the object using any n:iethod known in the art including 
plQTsical gvm plfng ^ nm plantin gj magnctispi, and gSict association methods even 
without direct contact The tag 4 may be attached to the object after its 
production or during production. The tag 4 may be very small (e.g., for small 
objects) or may be relatively lai^e (e.g., for vehicles). 

It is to be understood that usrag either true random or good pseudo-random 
number generator in the CTobodiment of any of the components of the pres^it 
invention no noticeable influence on 'die peLfomiance of systmi 1 0. Therefore 
writing ''randam" in this document should be inteipieted as either random or 
pseudo-random and vice v«sa. 

It should be appreciated that the above described descrq>tio3i of methods and 
device are to be intei px e ted as including device for carrying out &e methods and 
mediods of using die device. 

An publications, patents and patent applications mmtioned in Ais 
spedficadoa are herein incorporated in their entirety by reference into the 
specificalioa, to the same extent as if each individual publication, patent or patent 
application was specifically and individually indicated to be incorporated herein 
by reference. In addition, citation or identification of any reference in this 
application diall not be constmed as an admission that such reference is available 
as prior art to the present invention. 

While the invention has been described in conjunction with specific 
embodiments and examples &ereo( it is evident that many alt^:natives, 
modifications and variations will be apparent to those skilled in the art. 
Accordingly, it is intraided to eoibrace all such alternatives, modifications and 
variations that &11 within the ^irit and broad scope of die qypended claims. 



